We have studied the thermoelectric power of an α-(BEDT-TTF) 2 I 3 system paying particular attention to the new type of zero-gap state (ZGS). α-(BEDT-TTF) 2 I 3 exhibits a charge ordering at ambient pressures and transitions from its charge order to ZGS when hydrostatic pressure is applied. We observed a sharp peak at the charge order transition temperature due to the anisotropy change in the conductivity. Above 1.3 GPa, thermoelectric power characteristics of the ZGS could be detected.
Introduction
α-(BEDT-TTF) 2 I 3 (BEDT-TTF = bis(ethylenedithio)-tetrathiafulvalene) is the first bulk material with a zero-gap energy band structure. It acts as a two-dimensional massless Dirac fermion system under high pressure. The α-(BEDT-TTF) 2 I 3 crystal structure has alternating sheets of BEDT-TTF and I 3 [1] .
Under ambient pressures, α-(BEDT-TTF) 2 I 3 behaves as a metal. However, at 135 K, α-(BEDT-TTF) 2 I 3 undergoes a metal-insulator (M-I) phase transition. In the lower-temperature phase, charge ordering states with a horizontal stripe pattern for +e and 0 are formed [2] [3] [4] [5] . When a crystal is exposed to hydrostatic pressures above 1.5 GPa, the M-I transition is suppressed, the stable Dirac-fermion system is realized, and it exhibits characteristic transport properties [6] [7] [8] .
In addition, the electrical resistivity of α-(BEDT-TTF) 2 I 3 remains constant down to 1.5 K, whereas the Hall coefficient increases by approximately 6 orders of magnitude [2] . For many years, this characteristic conduction was considered to be a new type of narrow-gap semiconductor. However, theoretical calculations by Katayama et al. showed that α-(BEDT-TTF) 2 I 3 becomes a zero-gap conductor with a linear dispersion band structure under pressure [9] .
For this research, we first established the system of thermoelectric power (TEP) under ambient pressures because TEP under hydrostatic pressure is rarely examined. Afterwards, the TEP was measured up to 1.6 GPa. In this article, we report the Seebeck effect of the α-(BEDT-TTF) 2 I 3 system under various hydrostatic pressures and discuss how the electronic system transfers from charge ordering to Dirac-Fermion systems paying particular attention to the unique density of states (DOS).
Experimental method
Single crystals of α-(BEDT-TTF) 2 I 3 were synthesized using the electrolysis method. The TEP measurements were performed in a custom built cryostat with operating temperatures ranging from 1.5 to 300 K and a temperature difference of ∆T = 0.1-0.5 K. Using X-ray diffraction, we confirmed that the measurements were performed in the conductive plane along the b axis. The TEP was measured using a steady-state method, where the heat flow was supplied to one end of the sample by a 0.1 × 0.1 mm 2 carbon resister heater, while the other end was in thermal contact with a heat sink. ∆T was measured using chromel-constantan thermocouples. The electrical contacts to Au wires were made using carbon paint. This system was placed inside a Teflon capsule filled with a pressurized medium, and the capsule was set in a clamp-type CuBe pressure cell. Figure 1 shows the α-(BEDT-TTF) 2 I 3 temperature dependence of the Seebeck coefficient (S) for hydrostatic pressures ranging from 0.2 to 1.0 GPa. For pressures below 0.2 GPa, S gradually decreases with decrease in temperature. A linearly decreasing S is expected for metallic states. In this figure, S shows a small peak at the transition temperature T MI , and decreases rapidly immediately below T MI .
3.

Experimental Results and Discussions
Charge ordering transition
Bender reported that this rapid reduction of S is due to the disappearance [7] .
of DOS at 135 K under ambient pressures [1] . From our results, we can confirm that the measurement system can work under delicate hydrostatic pressures. As shown in Fig. 2 , increasing the pressure causes the T MI to gradually reduce, e.g., the T MI is 50 K at 1.0 GPa. Above 1.0 GPa, the charge ordered phase is suppressed. This suggests that the hydrostatic pressure suppressed the formation of the charge ordering. This suppression was previously reported by Tajima et al [7] . Moreover, small peaks were observed at T MI for pressures up to 1.0 GPa (Fig. 2) . These small peaks were previously reported by Mishima in microwave conductivity [10] . The small sharp peak just below T MI is believed to be caused by a change in the charge distribution, which is attributed to the charge ordering [2] . Its ordering varies the anisotropy of the conductivity tensor during the formation process. After the charge ordering is established, the sharp drop in T MI originates from the disappearance of the electronic DOS at µ due to the finite energy gap. By applying high pressures up to 1.0 GPa, we found that the transition temperature is reduced to 50 K and its plot against pressure contains a sharp peak (Fig. 2) . These results suggest that the M-I transition was accompanied by charge ordering. Thus, we succeeded in constructing the TEP measurement system under high hydrostatic pressures. Figure 3 shows the TEP temperature dependence of the α-(BEDT-TTF) 2 I 3 for hydrostatic pressures ranging from 0.9 to 1.6 GPa. At 1.3 GPa, the small peaks and rapid reduction vanish. S shows a broad hump at 50 K and slow reduction. In addition, S exhibits a sign reversal around 10 K (Fig. 3) . It should be noted that a level temperature dependence of S indicates that the electronic system changes into the zero-gap states (ZGS). In addition, the system does not exhibit a remarkable phase transition with a rapid charge modification at any of the studied temperatures. Above 1.3 GPa, S becomes linear for the studied temperature range. These experimental results indicate that the ZGS are stabilized above 1.3 GPa in α-(BEDT-TTF) 2 I 3 . We found that S is gradually reduced for decreasing temperatures. In addition, its sign reversibility can be obtained from the linear dispersion characteristics of the ZGS.
Transfer from charge order states to ZGS
Conclusions
A TEP measurement system for hydrostatic pressures up to 1.6 GPa was set up. Information on S in the charge ordering phase and the ZGS were obtained. S shows a rapid reduction, followed by a sign reversal at the charge ordering transition. Above 1. GPa, a level temperature dependence of S could be observed. These experimental results indicate that the high pressure suppresses the drastic changes caused by the charge ordering and stabilizes the ZGS.
